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ABSTRACT

The aim of this study was to assess the degree of spermatogenesis defects in sperm analysis in long-term male
survivors after allogeneic hematopoietic stem cell transplantation in order to identify the risk factors related to
potential infertility after hematopoietic stem cell transplantation and to provide data on longitudinal sperm recov-
ery after hematopoietic stem cell transplantation. Here, the Late Effects Working Party of the European Group for
Blood and Marrow Transplantation reports data of sperm analysis from 224 males who underwent hematopoietic
stem cell transplantation. Median time between transplantation and sperm analysis was 63 months (8-275
months). At last sperm analysis, presence of any degree of spermatozoa was reported in 70 (31%) and complete
azoospermia in 154 (69%) patients. In multivariate analysis, being conditioned with total body irradiation (RR 7.1;
95% CI: 3.4-14.8) and age over 25 years at transplantation (RR 2.4; 95% CI: 1.09-5.2) were significantly associated
with higher risk for azoospermia. In patients not conditioned with total body irradiation, ongoing chronic graft-
versus-host disease is the main adverse factor for sperm recovery (RR of 3.11; 95% CI: 1.02-9.47; P=0.045). Already
established risk factors, such as total body irradiation and age older than 25 years at hematopoietic stem cell trans-
plantation, were seen to be the most relevant adverse risk factor for sperm production after hematopoietic stem
cell transplantation. Furthermore, for the first time, ongoing graft-versus-host disease has been shown to be the
most relevant adverse factor for sperm recovery, particularly in patients conditioned without total body irradiation.
We also introduce a useful scoring system to predict the probability of male long-term survivors” azoospermia.

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
has become the treatment of choice for defined malignant
and non-malignant hematologic disorders.! Given the grow-
ing number of transplants performed each year and the con-
stantly improving outcomes over the last decades, the num-
ber of long-term survivors is steadily increasing.*® General
health status, the development of late events related to HSCT,
and quality of life have become issues of great concern. Long-
term survivors expect to recover their initial health status
after HSCT and to lead a normal life with appropriate physi-
cal and psycho-social functioning.*

In long-term survivors, fertility preservation represents an
important issue since gonadal dysfunction with absence of
sperm production is a common finding in male patients
receiving chemotherapy and irradiation prior to HSCT and as
pre-transplantation conditioning.”” Total body irradiation

(TBI) used as part of the conditioning regimen has been
shown to play a central role in subsequent infertility.
However, with increasing follow-up time, even when condi-
tioned with standard dose TBI, male recipients surviving
more than ten years, under the age of 25 years at HSCT have
some hope of recovery of spermatogenesis.”*"*Because of the
strong impact of TBI, other potential risk factors for long-term
infertility may remain hidden. Particularly, it is not clear
whether graft-versus-host disease (GVHD) impacts on sperm
recovery of long-term survivors.” So far, predictors for male
infertility after HSCT have not been well established.
Therefore, we conducted a retrospective multicenter study
on sperm analysis (SFA) of a large cohort of male patients
after allogeneic HSCT. All recipients’ data were reported to
the Late Effects Working Party (LEWP) of the European
Group for Blood and Marrow Transplantation (EBMT). The
aim of this study was to assess the degree of spermatogenesis
defects in SFA in long-term male survivors after allogeneic
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HSCT, to identify the risk factors related to potential infer-
tility after HSCT and to provide data on longitudinal
sperm recovery after HSCT.

Design and Methods

For this retrospective multicenter study of the Late Effects
Working Party of the EBMT all centers were asked if they had per-
formed seminal analysis (SFA) in male patients before and after
allogeneic HSCT, and if they would agree to provide information
on all patients who had. Five hundred and forty-three centers were
contacted of which 93 responded. Twenty-three Transplant
Centers reported having data on SFA, and 19 of them finally con-
tributed reports on a total of 259 patients; 224 of 259 were treated
with allogeneic HSCT. Overall, 224 patients were included in this
study:.

The EBMT is a voluntary group of transplant centers each of
which is required to provide transplant-related information on
each patient using a specific anonymous data collection form.
Patients provide written informed consent to have their data on
disease, treatment and outcome, including late complications,
reported to the registry. Clinical surveillance of HSCT recipients
was approved by the local institutional review boards. Patients’
characteristics, HSCT conditioning regimens and clinical outcome
data were collected prospectively and stored in the EBMT data-
base.

Details requested on seminal fluid parameters included the
number and date of collections performed per patient, the sperm
concentration, the motility and the morphology of the spermato-
zoa. Gonodotropic hormone and testosterone levels (if performed)
were requested. Results of SFA were assessed according to the
World Health Organization (WHO) guidelines.”” Patients were
considered to be normozoospermic when the sperm concentra-
tion exceeded 20x10%/mL, oligozoospermic when the sperm count
was between 5 and 20x10%mL, severely oligozoospermic with a
sperm count below 5x10%mL, and cryptospermic when sperma-
tozoa were detected only after careful analysis of the concentrated
sample. When no spermatozoa were detected patients were con-
sidered azoospermic.

Statistical analysis

Variables significantly associated with the risk of infertility after
allogeneic HSCT were assessed by univariate and multivariate
analysis. Any presence of spermatozoa in SFA was considered as
existence of spermatogenesis. Patients with sperm detectable in
the SFA were compared to patients with no evidence of spermato-
genesis, using the y’ test for categorical data and the Mann-
Whitney U test for continuous variables. Variables considered for
infertility risk analysis were age at HSCT, disease, type of condi-
tioning regimen (TBI=7.5 Gray vs. busulfan containing regimen vs.
regimen without TBI and without busulfan), occurrence of acute
and chronic GVHD, persistence of chronic GVHD at time of SFA,
continuous treatment with immunosuppression, and time interval
between HSCT and SFA. For multivariate analysis, logistical
regression with 2-sided significance levels was used to assess the
impact of risk factors with infertility. A backward stepwise proce-
dure was used to eliminate non-significant variables. Since condi-
tioning with TBI presented the strongest impact on the risk of
infertility after HSCT, a multivariate analysis including and not-
including TBI as a variable was performed. Furthermore, a sepa-
rate subgroup analysis was performed on patients with and with-
out TBL

To predict infertility risk after allogeneic HSCT a score system
was set up and applied to all patients. Significant variables in uni-

variate analysis were included into the score calculation and
weighted according to their impact. As a result, TBI counted for 2
points, age over 25 years at HSCT and ongoing chronic GVHD at
time of SFA for 1 point each, and time interval between HSCT and
SFA under eight years for 0.5 point. Patients with a score of 0 to
1.0 point were considered as low-risk, those with a score of 1.5 to
3 points as intermediate-risk, and those with a score of 3.5 points
or more as high-risk for presenting infertility after allogeneic
HSCT. We included in this calculation only patients where all 4
variables were available.

Finally, subgroup analysis was performed on male patients for
whom results on SFA before and after HSCT were available to
assess the role of pre-existing spermatogenesis defects, and in
those patients in which more than one SFA after allogeneic HSCT
was collected, the longitudinal recovery spermatogenesis capacity
was evaluated. In all statistical procedures, P<0.05 was considered
as the level of significance. Statistical analysis was performed
using SPSS statistical software (IBM SPSS Statistics, version 19,
IBM Co.).

Patients’ characteristics

From the 224 patients included in the present study, 166 (74%)
had data on one SFA and 58 (26%) on two or more SFA after allo-
geneic HSCT. Data on SFA collected before and after HSCT were
available from 17 (8%) patients. For the longitudinal subgroup
analysis on 58 patients who had more than one SFA post-trans-
plant, data of the first and last SFA collected after HSCT were com-
pared. Characteristics of these 224 patients are presented in Table
1. Most of the patients were under 40 years of age at time of
HSCT (210 of 224; 94%). The participating centers and the num-
ber of patients provided by each center are listed in the Appendix.

Results

Results of seminal fluid analysis

In the last SFA, presence of any degree of spermatozoa
was reported in 70 (31%), and complete azoospermia in
154 (69%) patients. Among those with spermatogenesis,
22 (10%) patients had normozoospermia, 13 (6%) oligo-
zoospermia, 28 (13%) severe oligozoospermia and 7 (3%)
cryptospermia. Details on SFA, including data on sperm
concentration, motility and morphology are shown in
Table 2. Additional data on hormonal status (FSH, LH and
testosterone) at SFA time are also provided in the same
table.

Risk factors analysis associated with azoospermia

In the univariate analysis, having undergone condition-
ing with TBI of 7.5 Gy or over (P<0.0001), ongoing chron-
ic GVHD at time of last SFA (P=0.004), and age over 25
years at HSCT (P=0.01) were significant factors associated
with azoospermia. When comparing the impact of the
three main conditioning regimens on spermatogenesis,
there was a clear statistical difference (P<0.0001; Figure 1).
Factors such as acute GVHD (P=0.051), chronic GVHD
(P=0.0683), being still on immunosuppression at time of
SFA (P=0.058) as well as having a time interval of less than
eight years between HSCT and SFA (P=0.063) were of bor-
derline significance (Table 3). Levels of FSH at time of SFA
were significantly higher in azoospermic patients 14.9
(3.3-40.6) IU/], compared to those with any degree of sper-
matogenesis 9.8 (2.0-25.7) IU/1 (P=0.007). Levels of LH and
testosterone were 7.6 (2.2-20.3) IU/l and 16.3 (3.4-373)
ng/L in azoospermic patients versus 5.2 (1.8-14.3) IU/l and



Table 1. Patients’ characteristics and HSCT features.

N. of allogeneic HSCT 224
Median age (years) at HSCT (range) 24 (2-59)
Number of patients

<25 years at HSCT 131 (58%)

>25 years at HSCT 93 (42%)
Source of stem cells

Bone marrow 173 (T7%)

PBPC 50 (22%)

CB 1 (0.5%)
Myeloablative conditioning 199 (93%)
Conditioning regimen

with TBI (=7.5 Gy) 146 (66%)

with busulfan 44 (20%)

no TBI (or 2Gy) and no busulfan 31 (14%)
Radiotherapy before HSCT 12 (6%)

infra-diaphragmatic 2 (1.5%)
Disease

malignant 195 (87%)

non-malignant 29 (13%)
Donor type

identical sibling 190 (85%)

syngeneic 3 (1%)

matched unrelated 22 (10%)

mismatched (relatives or unrelated) 8 (4%)
Calendar year of HSCT

before 1990 48 (21%)

1990- 2000 97 (43%)

after 2000 79 (35%)
Acute GVHD 142/222 (64%)
Grade of acute GVHD

no and grade [ GVHD 1392217 (64%)

Grade II-IV 78/217(36%)
Chronic GVHD 134/220 (61%)
Extent of chronic GVHD

no or limited chronic GVHD 153/204 (75%)

extensive 517204 (25%)
Chronic GVHD at time of SFA 63/191 (33%)
On immunosuppression at time of SFA 52/202 (26%)

13.4 (1.81-268) ng/L in patients with sperm, respectively
(P=0.091 and P=0.079). There is no difference in FSH at
time of SFA between patients with and without ongoing
chronic GVHD (P=0.708).

In multivariate backward stepwise logistical regression
analysis, being conditioned with TBI (RR 7.1; 95% CI: 3.4-
14.8) and age over 25 years at transplantation (RR 2.4;
95% CI: 1.09-5.2) were significantly associated with high-
er risk for azoospermia, whereas the presence of ongoing
chronic GVHD at SFA showed a trend to remain azoosper-
mic (Table 4). Since conditioning with TBI presented the
strongest impact on the risk of infertility after HSCT, a
multivariate analysis not including TBI as a variable was
performed. Thus, ongoing chronic GVHD at SFA arises as
the only significant risk factor (Table 4). In a subgroup
analysis of patients conditioned without TBI, ongoing
GVHD was the only risk factor, with an RR of 3.11 (95%
CIL: 1.02-9.47; P=0.045).

Table 2. Results at last SFA, gonadotropines and testosterone level of
224 patients.

N. of SFA with sperm results 224
N. of SFA/patient (after HSCT)
one 166 (74%)
two or more 58 (26%)
N. of patients with an SFA before HSCT 23 (9%)
N. of patients with an SFA before and after HSCT 17 (8%)
Median age at last SFA (years) 31 (14-64)
Time between HSCT and last SFA (months/range) 63 (8-275)
Spermatogenesis according to WHO classification
normozoospermia (>20x10%mL) 22 (10%)
oligozoospermia (5-20x10%mL) 13 (6%)
severe oligozoospermia(<5x10%/mL) 28 (13%)

cryptospermia (sperm presence only after centrifugation) 7 (3%)

azoospermia (no sperm) 154 (69%)
Sperm concentration of SFA with sperms present

n. of SFA with sperms 56

median concentration (x10%mL ) (range) 5.6 (0-165)*
Sperm motility (in percentage)

n. of SFA 58

median percentage of sperm motility (range) 50% (0-92%)
Sperm morphology

n. of SFA 36

median percentage of normal morphology (%) (range) 4 (0-90)

FSH serum level
n. of patients 80
level (median; range) (IU/L) 13.6 (2.0-40.6)

LH serum level
n. of patients 80
level (median; range) (IU/L) 7.1 (1.8-20.3)

Testosterone serum level
n. of patients 74
Level (median; range) (ng/dL) 15.0 (1.81-373.0)

*In case of cryptospermia.

Risk score for azoospermia

Out of 224 patients, 188 were included in the risk score
analysis. The risk score for azoospermia was highly pre-
dictive: 36% (10 of 28) of the long-term survivors with a
low risk score (0-1), 67 % (67 of 100) of the long-term sur-
vivors with an intermediate score (1.5-3), and 92% (55 of
60) of the long-term survivors with a high risk score (3.5-
4.5) had azoospermia after allogeneic HSCT (P=0.0001)
(Figure 2). In the high-risk score group there were no
patients who fathered a child naturally.

Longitudinal sperm recovery analysis

Data from 58 patients were available for a longitudinal
analysis of the sperm recovery. The median time interval
between HSCT and first or last SFA was 49 months (range
1-269), and 87 months (range 28-275), respectively. The
median time interval between first and last SFA was 24
months (range 1.5-140 months). At first SFA, 7 patients
(12%) were normozoospermic, one (2%) was oligozoosper-
mic, 4 (7%) severely oligozoospermic, 3 (5%) cryptosper-
mic, and 43 (74%) azoospermic. At last SFA, 9 (15%) were
normozoospermic, 3 (5%) oligozoospermic, 6 (10%) severe-
ly oligozoospermic, 4 (7%) cryptospermic, and 36 (62%)
azoospermic (P>0.0001). In 12 (21%) out of 58 patients,
there was an increase in sperm counts. We compared
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No Busulfan and no TBI

Busulfan regimen

TBI regimen

P=0.0001
Figure 1. Relationship
Number of patients 31 44 146 Total :’ig;viv: ge n(;é?ecg;tg?nr;gg
Normozoospermia 10(32%) 10(23%) 2(1%) 22 regimen; busulfan CO"g
formi imen.
o — 3(32%) 5(11%) 5(4%) 13 regimen  eithout TBI
0 o o and busulfan) and type
5(16%) 9(20%) 13(2%) 27 and f Pt
Cryptospermia 0(0%) 0(0%) 7(5%) 7 vs. non-malignant) com-
Azsospeinia 13(42%) 20(46%) 119(81%) 152 pared to the sperm con.
analysis. The majority of
patients with malignant
di were condi-
Malignant disease 12(39%) 38(86%) 142(97%) 192 tioned with a TBI con-
Non-malignant disease 19(61%) 6(14%) 4(3%) 29 taining regimen.

Table 3. Univariate analysis. Risk factors associated with azoospermia.

Factor N. Azoospermic  Evidence of P
spermatogenesis

TBI (=75 Gy) 146 119 (82%) 27 (18%) <0.0001
Acute GVHD 142 104 (73%) 38 (27%) 0.051
Chronic GVHD 134 99 (74%) 35 (26%) 0.063
Extensive chronic GVHD 51 41 (80%) 10 (20%) 0.062
cGVHD at time of last SFA 63 52 (83%) 11 (17%) 0.004
On IS at time of SFA 52 41 (79%) 11 (21%) 0.058
> 25 years of age at HSCT 87 69 (79%) 18 (21%) 0.010
<8years time interval 148 109 (74%) 39 (26%) 0.063

patients with sperm recovery between first and last SFA
after HSCT to those without recovery. Patients with sperm
recovery had significant longer follow up between first and
last SFA (31 months; range 15-140), as compared to those
without recovery (19 months; range 1.5-100; P=0.015)
(Online Supplementary Table S1). In contrast, age at HSCT,
TBI for conditioning, acute and chronic GVHD did not influ-
ence the recovery during follow up. We further compared
the sperm concentration at first and last SEA. Using the non-
parametric signed-rank test comparing two related samples,
sperm concentration at first SFA was significantly lower
compared to the concentration at last SFA, with median 5.01
(range 0-101) and 10.6 (range 0-165)x10%mL, respectively
(P=0.019) (Online Supplementary Figure S1).

Analysis of patients with sperm analysis before and
after HSCT
In 28 patients, seminal fluid had been collected before

HSCT and was available for the analysis. Sperm could be
detected in 27 (96%): 20 (71%) of them presented normo-

Table 4. Multivariate backwards logistical regression analysis includ-
ing first all patients. In a second step of the analysis TBI as variable
was excluded.

All patients RR 95% CI P
TBI present 7130 3.415-14.887  <0.0001
Age >25 years at HSCT 2406 1.094-5292  0.029
Chronic GVHD at time of SFApresent ~ 2.178  0.950-4.993  0.066

All patients excluding TBI as a variable

Chronic GVHD at time 2576 12215434 0.013
of SFA present

zoospermia, 4 (14%) oligozoospermia, 3 (11%) severe
oligozoospermia, and one (4%) azoospermia. All patients
with decreased sperm counts in the pre-transplant SFA
had malignant disease (AML n=3; CML n=2; lymphoma
n=2; MDS/MPN n=1), and most of them were heavily pre-
treated. Data from 17 of these 28 patients were also avail-
able post-transplant. After HSCT, 14 of 17 patients (82%)
had azoospermia (10 of them conditioned with TBI), one
oligozoospermia and 2 severe oligozoospermia.

Paternity

After HSCT, 29 of 211 (14%) patients with a median age
at HSCT of 21 (2-55) years, became fathers (total number
of children 44). The time interval between HSCT and the
birth of the first child was a median of 7.2 (1-21.6) years.
Among the patients who fathered a child after HSCT, 11
fathered naturally, and 11 were assisted conceptions (cry-
opreserved sperms); there is no information on conception
for 7 patients. Among the 11 patients who fathered a child
naturally, none was in the group of high-risk score.
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Discussion

To our knowledge, this is the largest cohort of male
patients in which spermatogenesis has been evaluated fol-
lowing allogeneic HSCT. In this study, one-third of all
patients had some degree of spermatogenesis post-trans-
plant, and 10% of patients had a normal sperm count. As
previously reported,””'***'#1%"” TBI was the strongest factor
predicting infertility. However, TBI was not invariably
linked to azoospermia since 18% of all patients condi-
tioned with TBI had residual and/or recovered sperm pro-
duction. On the other hand, patients not receiving TBI
may also be azoospermic post-HSCT (Figure 1).

Patients transplanted with a busulfan containing condi-
tioning regimen have some degree of spermatogenesis
post-transplant, as well as a real chance to become father
of a child.””® We have shown that the risk of azoospermia
after busulfan is not significantly higher than for patients
conditioned with regimens excluding both TBI and busul-
fan. There are little data showing a relationship between
sperm recovery and GVHD although in previous single
center studies such a relationship has been suspected.'*'%'®
Here we have demonstrated that independent of TBI, age
over 25 years at HSCT and ongoing chronic GVHD can be
responsible for infertility after HSCT. However, the mech-
anism by which GVHD may lead to azoospermia remains
unclear. In an animal model, injury to Leydig cells corre-
lates with an intratesticular inflammatory response.
Alloreactive donor T cells have been shown to infiltrate
the testis during acute GVHD resulting in an impairment
of testosterone-producing cells. This experiment did not
show any evidence of a direct T-cell infiltration of seminif-
erous tubules, but rather speaks for an indirect effect of
the GVHD on spermatogenesis, leading to a loss of Leydig

cell function.” We cannot exclude the possibility that sys-
temic inflammatory factors of ongoing chronic GVHD
could play a role in sperm production. Nevertheless,
GVHD did not affect FSH secretion.

To accurately interpret the impact of treatment on post-
transplant infertility, we need to know the degree of
gonadal dysfunction before HSCT. Decreased sperm con-
centration before HSCT can be due to the underlying dis-
ease itself. Indeed, oligozoospermia has been reported in
25% of patients with Hodgkin’s lymphoma and in 57%
of patients with leukemia before starting any treatment.”
Decreased sperm concentration can also be the conse-
quence of treatment-induced gonadal dysfunction before
HSCT.*** The most harmful drugs are nitrogen mustard
derivates and alkylating agents.” In a subgroup analysis
we showed that 71% of the patients were normo-
zoospermic before HSCT. Therefore, in our cohort, the
main reason for decreased spermatogenesis after HSCT
was directly related to the transplantation procedure
itself.

This high proportion of normozoospermic patients
observed here before transplantation could be an overesti-
mation. Indeed, sperm concentration does not decrease
immediately after cytotoxic treatment. During the first 1-
2 months sperm counts may remain normal and then
diminish later during treatment. After radiation with a
dose between 0.35 and 0.5 Gy, the nadir of sperm count
occurs after 4-6 months only. Spermatogenic stem cells are
more sensitive to chemotherapy and radiation, while later
stage germ cells continue to mature after chemotherapy
and radiation therapy. Therefore, recovery of spermatoge-
nesis depends on the degree of destruction of the early
sperm stem cells.”

There are few data on longitudinal recovery of fertility
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after HSCT. Following cyclophosphamide and TBI condi-
tioning,'® or conditioning with carmustine, etoposide,
cytosine arabinoside and melphalan (BEAM),” only anec-
dotal reports of recoveries have been made. Recovery of
testicular function defined by normal LH, FSH and testos-
terone levels have been described” mainly in severe aplas-
tic anemia patients.” This is not surprising, since patients
with aplastic anemia do not require chemotherapy before
HSCT, and are usually conditioned with a reduced inten-
sity regimen. In a subgroup analysis, we show that sperm
recovery is possible, and is more likely the longer the time
interval between HSCT and SFA.

With a new scoring system, based on the four predictors
for decreased sperm production, which are TBI, age over
25 years old at HSCT, ongoing chronic GVHD, and time
interval between HSCT and SFA under eight years, we
were able to detect long-term survivors with a probability
of more than 90% of being azoospermic. This risk score
does not replace the SFA for fertility assessment after
HSCT, but can be used as a tool for patient counseling.
The findings of this study have direct repercussions on
long-term male survivors and their respective partners.
These results may also support health care providers in
counseling patients before and after HSCT. Because of the
high probability of infertility after HSCT, fertility preser-
vation by cryopreservation of spermatozoa early during
the course of the disease before HSCT has to be
advised.”* However, since late recovery of fertility is pos-
sible, contraception should be recommended and periodi-
cal SFA, particularly in patients with a low-risk score for
infertility, should be considered.

Our study has some limitations. First, this is a retrospec-
tive analysis with SFA performed at different centers, at
different time points after HSCT, and for various reasons.
The centers reported only on patients for whom an SFA
had been performed. We have data on hormonal status
such as FSH'*** LH and testosterone levels, but not on
inhibin B, a parameter that seems to be more closely relat-
ed to sperm activity.*®

In conclusion, TBI is still the most relevant adverse risk
factor for sperm production after HSCT. However, age
over 25 years at HSCT, ongoing chronic GVHD, and short

follow up after transplantation are also relevant obstacles
to sperm recovery. In patients not conditioned with TBI,
ongoing chronic GVHD is the main adverse factor for
sperm recovery. Therefore, for the first time, evidence for
a graft-versus-testis effect can be demonstrated to be the
most relevant adverse factor for sperm recovery in
patients conditioned without TBI. An improved under-
standing of the risk factors involved in gonadal dysfunc-
tion and the potential return to fertility will help improve
counseling for patients undergoing HSCT and has direct
implications for the quality of life of long-term survivors.
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